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I. Basis of the report 
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response to an invitation under Articfe 14 are referred to in this report as "originally filed" and are not annexed to 
the report since they do not contain amendments.): 

Description, pages: 

5-7,9,10 as originally filed 

1 -4,4a, 8 as received on 


04/02/1999 with letter of 


01/02/1999 


Claims, No. 

1-16 
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04/02/1 999 with letter of 


01/02/1999 
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1/2,2/2 as originally filed 
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□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

3. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 


4. Additional observations, if necessary: 
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V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 1-16 

No: Claims 

Inventive step (IS) Yes: Claims 1-16 

No: Claims 

Industrial applicability (IA) Yes: Claims 1-16 

No: Claims 


2. Citations and explanations 
see separate sheet 
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To Section V 

1. The preamble of claim 1 is based on D1 = EP-A- 7 740. The characterising portion 
of the claim recites that "the elastic energy accumulator member has a number of 
sections of different diameters". This feature is not disclosed in D1 since the 
energy accumulator of D1 is a steel cable 1 (p. 3, I. 11). Nothing indicates that the 
cable of D1 would be an unusual cable having several sections. Hence claim 1 is 
novel over D1. 

In addition, claim 1 appears to be inventive over D1. The problem to be solved is 
the generation of complex wave forms part in tension and part in compression as 
required for the true simulation of a seismic wave. Such wave forms cannot be 
generated using the energy accumulator (i. e. the cable) of D1 alone because the 
cable of D1 can be subjected to tension not to compression (since this would 
cause destructive buckling). A compression wave can be obtained only by using 
an accessory such as a bunker (D1, p. 3, I. 17) or inversion cage. In any case it is 
not possible to generate complex wave form due to the substantially constant 
cross-section of the cable. By contrast, the energy accumulator of present claim 1 
is much stiff er than that of D1 since the section thereof having the smallest 
diameter must be at least as large as the section of the cable of D1 (otherwise the 
accumulator would rupture upon tensioning), and the other sections are by 
definition even larger. As a consequence, not only the accumulator can be 
compressed but also, when the accumulator is released, complex waves are 
generated by virtue of wave reflections according to the changes in cross- 
sections, see also the description pp. 6-7. 

The other documents cited in the international search report are not relevant: 

- GB-A-2 211 61 1 discloses an impacting seismic source with a bar 3 which does 
not have several cross-sections, see Fig. 1 ; 

- FR-A-2 229 967 and EP-A- 410 370 are directed to dynamic tests in tension and 
torsion, respectively; 

- The vibrator system of WO-A-81/00459 does not hint to the embodiment of claim 
1 , see Fig. 2; 

- The IEEE article concerns piezoelectric sensors; and 

. The evaluation device of JP-A-07 195300 is completely different from the 
claimed one, see the figure in the abstract (publication number 09 043 093). 
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2. Claims 2-15 are dependent apparatus claims and appear novel and inventive in 
combination with claim 1 . 

3. Independent method claim 16 comprises the inventive feature of claim 1, see p. 
13, II. 35-36 of the application: "a number of sections of different diameters". 


Form PCT/Separate Sheet/409 (Sheet 2) (EPO- April 1997) 



Latent cooperation treat 

PCT 

INTERNATIONAL SEARCH REPORT 

(PCT Article 18 and Rules 43 and 44) 


Applicant's or agent's file reference 

NEP/CASE D 

FOR FURTHER see Notification of Transmittal of International Search Report 

(Form PCT/ISA/220) as well as, where applicable, item 5 below. 

ACTION 

International application No. 

PCT/EP 97/05417 

International filing date (day/month/year) 

26/09/1997 

(Earliest) Priority Date (day/month/year) 

12/12/1996 

Applicant 

EUROPEAN COMMUNITY et al . 


This International Search Report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 18. A copy is being transmitted to the International Bureau. 


This International Search Report consists of a total of , 


. sheets. 


["x"| It is also accompanied by a copy of each prior art document cited in this report. 


1 . Q^j Certain claims were found unsearchable (see Box I). 

2. Q Unity of invention is lacking (see Box II). 

3. Q The international application contains disclosure of a nucleotide and/or amino acid sequence listing and the 

international search was carried out on the basis of the sequence listing 

| | filed with the international application. 

| | furnished by the applicant separately from the international application, 


□ 


but not accompanied by a statement to the effect that it did not include 
matter going beyond the disclosure in the international application as filed. 


| | Transcribed by this Authority 


4. With regard to the title, []£] the text is approved as submitted by the applicant 

| | the text has been established by this Authority to read as follows: 


5. With regard to the abstract, 

|~X~] the text is approved as submitted by the applicant 

| | the text has been established, according to Rule 38.2(b), by this Authority as it appears in 
Box Ml. The applicant may, within one month from the date of mailing of this International 
Search Report, submit comments to this Authority. 


The figure of the drawings to be published with the abstract is: 

Figure No. 1 [)[] as suggested by the applicant. Q None of the figures. 

| | because the applicant failed to suggest a figure. 

| | because this figure better characterizes the invention. 


Form PCT/ISA/210 (first sheet) (July 1992) 


IT COOPERATION TREATY 


From the INTERNATIONAL SEARCHING AUTHORITY 


To: 

H.N. & W.S. SKERRETT 
Charles House 

148/9 Great Charles Street 
Birmingham B3 3HT 
UNITED KINGDOM 


PCT 


NOTIFICATION OF RECEIPT 
OF SEARCH COPY 


(PCT Rule 25.1) 


Date of mailing 
(day/month/year) 


16/12/1997 


Applicant's or agent's file reference 

NEP/CASE D 


IMPORTANT NOTIFICATION 


International application No. 

PCT/EP 97/05417 


International filing date (day /month/year) 

26/09/1997 


Priority date (day/month/year) 

12/12/1996 


Applicant 

EUROPEAN COMMUNITY et al . 


Where the International Searching Authority and the Receiving Office are not the same office: 

The applicant is hereby notified that the search copy of the international application was received by this International 
Searching Authority on the date indicated below. 

Where the International Searching Authority and the Receiving Office are the same office: 

The applicant is hereby notified that the search copy of the international application was received on the date indicated below. 


01/12/1997 


. (date of receipt). 


^" EZZZJ ^ ne searcn °opy was accompanied by a diskette containing nucleotide and/or amino acid sequence listings 


Time limit for establishment of International Search Report 

The applicant is informed that the time limit for establishing the International Search Report is 3 months from the date of 
receipt indicated above or 9 months from the priority date, whichever time limit expires later 


A copy of this notification has been sent to the International Bureau and, where the first sentence of paragraph 1 applies, 
to the Receiving Office. 


Name and mailing address of the International Searching Authority 
European Patent Office, P.B. 5818 Patentlaan 2 
AM NL-2280 HV Rijswijk 
WJI Tel. (+31 -70) 340-2040, Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 



Authorized officer 


ISA/EP 


Form PCT/ISA/202 (January 1994) 


KLLcl V 


X mi 


5 


WIPO 


PATENT COOPERATION TREATY 

PCT 

INTERNATIONAL PRELIMINARY EXAMINATION REPORT 

(PCT Article 36 and Rule 70) 


REC'D 1 0 MAR 1999 


PCT 


Applicant's or agent's file reference 
NEP/CASE D 


FOR FURTHER ACTION 


See Notification of Transmittal of International 
Preliminary Examination Report (Form PCT/IPEA/416) 


International application No. 
PCT/EP97/05417 


International filing date (day/month/year) 
26/09/1997 


Priority date (day/month/year) 
12/12/1996 


International Patent Classification (IPC) or national classification and IPC 
G01V1/145 


Applicant 

EUROPEAN COMMUNITY et al. 


1 . This international preliminary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 

2. This REPORT consists of a total of 5 sheets, including this cover sheet. 

S This report is also accompanied by ANNEXES, i.e. sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of 9 sheets. 


3. This report contains indications relating to the following items: 
I S Basis of the report 


II 

□ 

III 

□ 

IV 

□ 

V 


VI 

□ 

VII 

□ 

VIII 

□ 


citations and explanations suporting such statement 


Date of submission of the demand 
02/05/1998 


Date of completion of this report 

0 8. 03.39 


Name and mailing address of the international 
preliminary examining authority: 
European Patent Office 

D-80298 Munich 
Tel. (+49-89) 2399-0 Tx: 523656 epmu d 

Fax: (+49-89) 2399-4465 


Authorized officer 
Dighaye, J-L 

Telephone No. (+49-89) 2399 2823 



Form PCT/IPEA/409 (cover sheet) (January 1994) 


INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 


International application No. PCT/EP97/0541 7 
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Description, pages: 
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V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 1-16 

No: Claims 

Inventive step (IS) Yes: Claims 1-16 

No: Claims 

Industrial applicability (IA) Yes: Claims 1-16 

No: Claims 


2. Citations and explanations 
see separate sheet 
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To Section V 

-I The preamble of claim 1 is based on D1 = EP-A- 7 740. The characterising portion 
of the claim recites that "the elastic energy accumulator member has a number of 
sections of different diameters". This feature is not disclosed in D1 since the 
energy accumulator of D1 is a steel cable 1 (p. 3, I. 11). Nothing indicates that the 
cable of D1 would be an unusual cable having several sections. Hence claim 1 is 
novel over D1. 

In addition, claim 1 appears to be inventive over D1. The problem to be solved is 
the generation of complex wave forms part in tension and part in compression as 
required for the true simulation of a seismic wave. Such wave forms cannot be 
generated using the energy accumulator (i. e. the cable) of D1 alone because the 
cable of D1 can be subjected to tension not to compression (since this would 
cause destructive buckling). A compression wave can be obtained only by using 
an accessory such as a bunker (D1, p. 3, I. 17) or inversion cage. In any case it is 
not possible to generate complex wave form due to the substantially constant 
cross-section of the cable. By contrast, the energy accumulator of present claim 1 
is much stiffer than that of D1 since the section thereof having the smallest 
diameter must be at least as large as the section of the cable of D1 (otherwise the 
accumulator would rupture upon tensioning), and the other sections are by 
definition even larger. As a consequence, not only the accumulator can be 
compressed but also, when the accumulator is released, complex waves are 
generated by virtue of wave reflections according to the changes in cross- 
sections, see also the description pp. 6-7. 

The other documents cited in the international search report are not relevant: 

- GB-A-2 211 61 1 discloses an impacting seismic source with a bar 3 which does 
not have several cross-sections, see Fig. 1 ; 

- FR-A-2 229 967 and EP-A- 410 370 are directed to dynamic tests in tension and 
torsion, respectively; 

- The vibrator system of WO- A-8 1/00459 does not hint to the embodiment of claim 
1 , see Fig. 2; 

- The IEEE article concerns piezoelectric sensors; and 

. The evaluation device of JP-A-07 195300 is completely different from the 
claimed one, see the figure in the abstract (publication number 09 043 093). 
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2. Claims 2-15 are dependent apparatus claims and appear novel and inventive in 
combination with claim 1. 

3. Independent method claim 16 comprises the inventive feature of claim 1, see p. 
13, II. 35-36 of the application: "a number of sections of different diameters". 
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SEISMIC WAVE SIMULATION APPARATUS 

This invention relates to seismic wave simulation 
apparatus more particularly but . not exclusively for 
5 simulating earthquake phenomena occurring in soil and in a 
foundation embedded in the soil, which foundation may be 
for example, part of a building. 

Conventionally, simulation of a seismic wave or 
10 earthquake in a structure or building is done by means of a 
pseudo-dynamic test (reaction wall) or by the "shaking" 
table. In order to simulate seismic waves or earthquakes 
occurring in soil, explosives are used which tend to be 
inconvenient since the explosives do not generate waves of 
15 known energy content and shape and duration having 
characteristics of earthquakes. Thus, using such methods 
to simulate seismic waves or earthquakes does not allow 
wave propagation laws and effects to be properly 
established through seismic wave simulation in soil or 
20 other structures. 

EP-A-7740 discloses an apparatus for performing 
dynamic tests on large structures which comprises an energy 
accumulator in the form of a loading cable for applying a 

25 force to a test piece, a hydraulic jack for tensioning the 
cable, a structure for anchoring the cable, a stopping and 
releasing device operable to secure the cable before a test 
and, after tensioning of the cable, to release the cable so 
that, it propagates a wave to the test piece, a recoil 

30 shock-absorber and a device for limiting lateral 
oscillations of the cable. 

This apparatus is, however, not suitable for 
simulating seismic waves because the cable is only capable 
35 of generating a tension wave of constant amplitude which is 
not representative of a seismic wave because seismic waves 
have complex wave forms with' a changing amplitude. 

It is an object of the present invention to provide 

KtEMDEQ SHEET 
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an apparatus which is capable of simulating complex seismic 
waves . 


According to the present invention there is provided 
5 a seismic wave simulation apparatus for generating a 
simulated seismic wave in a geological specimen, which 
comprises an elastic energy accumulator comprising a member 
arranged, in use, to act on the geological test specimen 
and supported to resist movement in a direction away from 

10 the specimen when the elastic energy accumulator is 
preloaded in said direction by actuator means, the 
arrangement being such that, in use, the preload force can 
be quelled suddenly, for example by triggering an explosive 
bolt, so that the member is released into impact or energy 

15 transfer with the geological specimen thereby transmitting 
a seismic wave to the geological specimen, characterised in 
that the elastic energy accumulator member has a number of 
sections of different diameters. 

20 By providing the energy accumulator member with 

sections of different diameters the member is so shaped as 
to simulate a seismic wave of known characteristics in 
order that wave propagation laws and effects can be 
properly established. 

25 

Preferably the elastic energy accumulator member has 
a number of co-axial cylindrical sections of different 
diameters of which the section at the end of the member 
remote from the actuator means constitutes an impactor 
30 which; in use, is held adjacent the geological specimen 
under test so as to impact the specimen on release of the 
member . 

In one embodiment of the present invention, the 
35 elastic energy accumulator includes seven cylindrical 
sections of different diameter. Preferably, one of those 
sections nearest the actuator means has the smallest 
diameter of the sections and, where an explosive bolt is 
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provided as aforementioned, to release the impact energy 
said explosive bolt is, preferably, provided in this 
section and preferably is disposed diametrically of said 
section. Said smallest diameter section may adjoin a large 
5 diameter section which is connected to two further sections 
stepped down in diameter and connected in turn to a smaller 
diameter section which is larger than said smallest section 
adjacent the actuator means. This smaller diameter section 
may be connected to two larger sections which are stepped 
10 up in diameter, the last of these sections constituting the 
impactor to be located adjacent to the geological specimen 
in use. The length of the elastic energy accumulator 
(comprised of said seven sections) and the actuator means 
may be in the order of 500 metres. 

15 

The accumulator member may be supported to resist 
movement in a direction away from the geological specimen 
under test by said last-mentioned section. A blocking 
system or fixed support may be provided at the rear of said 
20 last-mentioned section surrounding the penultimate section, 
thereby resisting or preventing movement of the accumulator 
member in said direction on the application of the preload 
force. 

25 Usually, the apparatus will include transducers 

arranged to measure, in use, the mechanical behaviour 
across the section of the geological specimen through which 
a seismic wave is being transmitted. 

30 Preferably, the transducers are in the form of bars 

or elongate members arranged in a direction parallel to the 
direction of propagation of the seismic wave. Seismic 
sensors may also be included extending at an angle or 
transversely of the direction of propagation of the wave. 

35 

Preferably, in order to obtain measurements regarding 
local displacements of the soil in the geological specimen, 
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said apparatus may include a thin metallic or conductive 
sheet to be fixed to the surface of the geological specimen 
( for example by cement ) and connected to measuring 
instrumentation such as a Wheatstone bridge, for example, 
in order to obtain superficial strain measurement. In 
carrying out the test a building foundation or the like may 
be embedded in the geological specimen in order to 
investigate the interaction between the soil and foundation 
on the application of a simulated seismic wave. 

The measuring instrumentation may include 
accelerometers . 

Further according to the present invention there is 

15 provided a method of inducing or generating a simulated 
seismic wave in a test specimen, for example a geological 
specimen, said method including providing an elastic energy 
accumulator comprising a member which is arranged to act on 
the specimen so as to deliver a seismic wave to the 

20 specimen, supporting the elastic energy accumulator to 
resist movement in a direction away from the specimen and 
preloading the elastic energy accumulator in said 
direction, suddenly quelling the preload force, for example 
by triggering an explosive bolt in the elastic energy 

25 accumulator, thereby releasing the elastic energy 
accumulator into impact or energy transfer with said 
specimen thereby transmitting a simulated seismic wave to 
the specimen, collecting data from the specimen and 
analysing said data, characterised in that the energy 

30 accumulator member is so shaped by providing it with a 
number of sections of different diameters that it delivers 
a seismic wave of known amplitude and duration. 


Further advantageous apparatus and method features of 
35 the present invention will be evident from the following 
description and drawings . 


An embodiment of seismic wave simulation apparatus 


• • • 
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for generating a seismic wave in a geological specimen will 
now be described, by way of example only, with reference to 
the accompanying simplified diagrammatic drawings in which: 


FIGURE 1 shows the seismic wave simulation apparatus 
adjacent a geological specimen having the foundation of a 
building embedded therein; 


FIGURE 2 shows a simple cylindrical bar pre-loaded to 
10 yield a virtually rectangular stress wave, and 

FIGURE 3 shows cylindrical bars' of two different 
sections arranged to yield a different stress wave pattern. 


15 FIGURE 1 of the drawings shows schematically seismic 

wave simulation apparatus 1 positioned to the left of a 
geological specimen 2 in which is embedded the foundation 3 
of a building (not shown). The seismic wave simulation 
apparatus has an elastic energy accumulator 4 comprising an 

20 impactor member which can be preloaded in tension in a 
direction away from the geological specimen 2 (i.e. in a 
direction reverse to arrow A) by means of a hydraulic 
actuator 5 . The apparatus 1 includes a blocking or support 
system which effectively fixes the right hand end of the 

25 


30 


35 
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we obtain a wave which decreases in function of time. 

The amplitude and the shape of the wave generated can be 
found knowing the impedance and also the length of the bars 
5 to obtain the transit time. Using the above formula in a 
numerical programme it is possible to know the shape of the 
wave which could be generated in function of the geometry 
of the energy accumulator. 

10 The geological specimen 2 may be a soil rocks 

specimen and, in order to measure the mechanical behaviour 
.across the section of the geological specimen/ transducer 
bars 8 are provided in the specimen as shown in FIGURE 1. 
The transducer bars 8 are instrumented with strain gauges 

15 and measurements taken in a generally known manner. 
Additionally, in order to obtain measurements regarding 
local displacements of the soil in the geological specimen 
2 an electrified metallic thin sheet 9 is fixed firmly to 
the surface of the soil by a cement and connected up to a 

20 measuring instrumentation such as a Wheatstone bridge, in 
the case of resistance strain gauges, in order to obtain 
superficial strain measurement. 

Thus, in the present instance, a simulated seismic 
25 wave can be transmitted through the geological specimen 2 
and through a building foundation 3, so interaction between 
the soil and the foundation can be studied and evaluated. 

Any other measuring instrumentation may be provided 
30 such as the accelerometers 10 and embedded seismic sensor 
bar 11. 

It is believed the seismic wave simulation apparatus 
1 can be used to provide a deterministic approach to 
35 monitoring and predicting: 


(a) earthquakes, 

(b) large ground displacements of natural and artificial 



CLAIMS 

1. Seismic wave simulation apparatus for generating a 
simulated seismic wave in a geological specimen, which 

5 comprises an elastic energy accumulator (4) comprising a 
member arranged, in use, to act on the geological test 
specimen and supported to resist movement in a direction 
away from the specimen when the elastic energy accumulator 
is preloaded in said direction by actuator means (5), the 

10 arrangement being such that, in use, the preload force can 
be quelled suddenly, for example by triggering an explosive 
bolt ( 6 ) , so that the member is released into impact or 
energy transfer with the geological specimen thereby 
transmitting a seismic wave to the geological specimen, 

15 characterised in that the elastic energy accumulator member 
(4) has a number of sections of different diameters ( 4a-g ) . 

2. Apparatus as claimed in Claim 1 in which the elastic 
energy accumulator member (4) has a number of co-axial 

20 cylindrical sections of different diameters (4a-g) of which 
the section ( 4g ) at the end of the member remote from the 
actuator means (5) constitutes an impactor which, in use, 
is held adjacent the geological specimen under test so as 
to impact the specimen on release of the member. 

25 

3. Apparatus as claimed in Claim 2 having a section (4a) 
nearest the actuator means which is the smallest diameter 
of the sections, 

30 4 * Apparatus as claimed in Claim 3 including an 

explosive bolt (6) disposed diametrically of said smallest 
diameter section ( 4a ) . 

5. Apparatus as claimed in Claim 3 or Claim 4 in which 

35 said smallest diameter section (4a) adjoins a large 
diameter section (4b) which is connected to two further 
sections (4c,4d) stepped' down in diameter and connected in 
turn to a smaller diameter section ( 4e ) which is larger 


4 « 
♦ • 


• • • • « • 


• * • • 


• • • 


12 


than said smallest diameter section (4a) adjacent the 
actuator means ( 5 ) . 


6 . Apparatus as claimed in Claim 5 in which said smaller 

5 diameter section ( 4e ) is connected to two larger sections 
(4f,4g) which are stepped up in diameter, the last of these 
sections ( 4g ) constituting the impactor to be located 
adjacent to the geological specimen in use. 

10 7. Apparatus as claimed in Claim 6 in which the 

accumulator member (4) is supported to resist movement in a 
direction away from the geological specimen under test, by- 
said last-mentioned section ( 4g ) . 

15 8. Apparatus as claimed in Claim 7 in which a blocking 

system or fixed support is provided at the rear of said 
last-mentioned section ( 4g ) surrounding the penultimate 
section (4f), thereby resisting or preventing movement of 
the accumulator member (4) in said direction on the 

20 application of the preload force. 

9 . Apparatus as claimed in Claim 1 in which the elastic 
energy accumulator ( 4 ) includes seven cylindrical sections 
of different diameters (4a-g). 

25 

10. Apparatus as claimed in any one of the preceding 
claims in which the combined length of the elastic energy 
accumulator (4) and the actuator means (5) is of the order 
of 500 metres. 

30 

11. Apparatus as claimed in any one of the preceding 
claims having transducers (8) arranged to measure, in use, 
the mechanical behaviour across the section of the 
geological specimen through which a seismic wave is being 

35 transmitted. 

12. Apparatus as claimed in Claim 11 in which the 
transducers (8) are in the form of bars or elongate members 
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arranged in a direction parallel to the direction of 
propagation of the seismic wave. 

13. Apparatus as claimed in any one of the preceding 
5 claims in which seismic sensors (11) are included extending 
at an angle or transversely of the direction of propagation 
of the wave . 


14. Apparatus as claimed in any one of the preceding 
10 claims including a thin metallic or conductive sheet (9) to 

be fixed to the surface of the geological specimen (for 
example by cement) and connected to measuring 
instrumentation such as a Wheatstone bridge, for example, 
in order to obtain superficial strain measurement. 

15 

15. Apparatus as claimed in any one of the preceding 
claims in which the measuring instrumentation includes 
accelerometers ( 10 ) . 


20 16. A method of inducing or generating a simulated 
seismic wave in a test specimen, for example a geological 
specimen, said method including providing an elastic energy 
accumulator (4) comprising a member which is arranged to 
act on the specimen so as to deliver a seismic wave to the 

25 specimen, supporting the elastic energy accumulator to 
resist movement in a direction away from the specimen and 
preloading the elastic energy accumulator in said 
direction, suddenly quelling the preload force, for example 
by triggering an explosive bolt (6) in the elastic energy 

30 accumulator, thereby releasing the elastic energy 
accumulator into impact or energy transfer with said 
specimen thereby transmitting a simulated seismic wave to 
the specimen, collecting data from the specimen and 
analysing said data, characterised in that the energy 

35 accumulator member is soshaped by providing it with a 
number of sections of different diameters that it delivers 
a seismic wave of known amplitude and duration. 
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SEISMIC WAVE SIMULATION APPARATUS 
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This invention relates to seismic wave simulation 
apparatus more particularly but not exclusively for 
5 simulating earthquake phenomena occurring in soil and in a 
foundation embedded in the soil, which foundation may be 
for example, part of a building. 

Conventionally, simulation of a seismic wave or 
10 earthquake in a structure or building is done by means of a 
pseudo- dynamic test (reaction wall) or by the "shaking" 
table. In order to simulate seismic waves or earthquakes 
occurring in soil, explosives are used which tend to be 
inconvenient since the explosives do not generate waves of 
15 known energy content and shape and duration having 
characteristics of earthquakes. Thus, using such methods 
to simulate seismic waves or earthquakes does not allow 
wave propagation laws and effects to be properly 
established through seismic wave simulation in soil or 
20 other structures . 


It is an object of the present invention to at least 
alleviate the aforementioned, or other, problem associated 
with seismic wave simulation apparatus and method. 

25 

According to the present invention there is provided 
seismic wave simulation apparatus capable of generating a 
simulated seismic wave in a geological specimen, said 
apparatus comprising an elastic energy accumulator shaped 

30 to deliver a seismic wave of known amplitude and duration 
to the geological specimen under test, the elastic energy 
accumulator comprising an impactor member held, in use, 
adjacent the geological test specimen and supported to 
resist movement in a direction away from the specimen when 

35 the elastic energy accumulator is preloaded in said 
direction by actuator means, the arrangement being such 
that, in use, the preload force can be quelled suddenly, 
for example, by triggering an explosive bolt so that the 
impactor member is released into impact or energy transfer 
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with the geological specimen thereby transmitting a seismic 
wave to the geological specimen. 

The actuator means may be any convenient means such 
5 as a hydraulic or pneumatic actuator. 

Usually, the apparatus will include transducers 
arranged to. measure, in use, the mechanical behaviour 
across the section of the geological specimen through which 
10 a seismic wave is being transmitted. 

Preferably, the transducers are in the form of bars 
or elongate members arranged in a direction parallel to the 
direction of propagation of the seismic wave. Seismic 
15 sensors may also be included extending at an angle or 
transversely of the direction of propagation of the wave. 

Usually, the elastic energy accumulator is shaped to 
simulate a seismic wave of known characteristics in order 

20 that wave propagation laws and effects can be properly 
established. Accordingly, the shape of the elastic energy 
accumulator may be chosen according to the principles 
expounded in the description from the estimation of stress 
wave values between two long bars with different acoustic 

25 impedance. 


In one embodiment - of the present invention, the 
elastic energy accumulator includes seven cylindrical 
sections of different diameter. Preferably, one of those 

30 sections nearest the actuator means has the smallest 
diameter of the sections and, where an explosive bolt is 
provided as aforementioned, to release the impact energy 
said explosive bolt is, preferably, provided in this 
section and preferably is aligned diametrically of said 

35 section. Said smallest diameter section may adjoin a large 
diameter section which is connected to two further sections 
stepped down in diameter connected in turn to a smaller 
diameter section (which is larger than the first-mentioned 
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smallest: section ad j acent the actuator means ) . This 
smaller diameter section may be connected to two larger 
sections which are stepped up in diameter, the last of 
these sections being adjacent to the geological specimen in 
5 use. The length of the elastic energy accumulator 
(comprised of said seven sections) and the actuator means 
may be in the order of 500 metres. 

The impactor member may be guided and held adjacent 
.10 the geological specimen, preferably by said last-mentioned 
section. A blocking system or fixed support may be 
provided at the rear of said last-mentioned section 
surrounding the penultimate section, thereby resisting or 
preventing movement of the impactor member in said 
15 direction on the application of the preload force. 

Preferably, in order to obtain measurements regarding 
local displacements of the soil in the geological specimen, 
said apparatus may include a thin metallic or conductive 

20 sheet fixed to the surface of the geological specimen ( for 
example by cement) and connected up to measuring 
instrumentation such as a Wheastone bridge, for example, in 
order to obtain superficial strain measurement. In 
carrying out the test a building foundation or. the like may 

25 be embedded in the geological specimen in order to 
investigate the interaction between the soil and foundation 
on the application of a simulated seismic wave._ 

The measuring instrumentation may include 
30 accelerometers . 

Further according to the present invention there is 
provided a method of inducing or generating a simulated 
seismic wave in a test specimen, for example, a geological 
35 specimen, said method including shaping an elastic energy 
accumulator to deliver a seismic wave of known amplitude 
and duration to the test specimen, holding one end of the 
elastic energy accumulator adjacent to the specimen and 
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preloading the elastic energy accumulator in a direction 
away from the specimen, suddenly quelling the preload 
force, for example by triggering an explosive bolt in the 
elastic energy accumulator, thereby releasing the elastic 
energy accumulator into impact or energy transfer with said 
specimen and transmitting a simulated seismic wave 
therethrough, said method comprising collecting data from 
the specimen and analysing said data collected. 

Further advantageous apparatus and method features of 
the present invention ' will be evident from the following 
description and drawings. 

An embodiment of seismic wave simulation apparatus 
for generating a seismic wave in a geological specimen will 
now be described, by way of example only, with reference to 
the accompanying simplified diagrammatic drawings in which: 

FIGURE 1 shows the seismic wave simulation apparatus 
adjacent a geological specimen having the foundation of a 
building embedded therein; 

FIGURE 2 shows a simple cylindrical bar pre-loaded to 
yield a virtually rectangular stress wave, and 

FIGURE 3 shows cylindrical bars of two different 
sections arranged to yield a different stress wave pattern. 

FIGURE 1 of the drawings shows schematically seismic 
wave simulation apparatus 1 positioned to the left of a 
geological specimen 2 in which is embedded the foundation 3 
of a building (not shown). The seismic wave simulation 
apparatus has an elastic energy accumulator 4 comprising an 
impactor member which can be preloaded in tension in a 
35 direction away from the geological specimen 2 (i.e. in a 
direction reverse to arrow A) by means of a hydraulic 
actuator 5. The apparatus 1 includes a blocking or support 
system which effectively fixes the right hand end of the 
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we obtain a wave which decreases in function of time. 

The amplitude and the shape of the wave generated can be 
found knowing the impedance and also the length of the bars 
5 to obtain the transit time. Using the above formula in a 
numerical programme it is possible to know the shape of the 
wave which could be generated in function of the geometry 
of the energy accumulator. 

10 The geological specimen 2 may be a soil rocks 

specimen and, in order to measure the mechanical behaviour 
across the section of the geological specimen, transducer 
bars 8 are provided in the specimen as shown in FIGURE 1. 
The transducer bars 8 are instrumented with strain gauges 

15 and measurements taken in a ' generally known manner. 
Additionally, in order to obtain measurements regarding 
local displacements of the soil in the geological specimen 
2 an electrified .metallic thin sheet 9 is fixed firmly to 
the surface of the soil by a cement and connected up to a 

20 measuring instrumentation such as a Wheastone bridge, in 
the case of resistance strain gauges, in order to obtain 
superficial strain measurement. 

Thus, in the present instance, a simulated seismic 
25 wave can be transmitted through the geological specimen 2 
and through a building foundation 3, so interaction between 
the soil and the foundation can be studied and evaluated. 


30 


Any other measuring instrumentation may be provided 
such as the accelerometers 10 and embedded seismic sensor 
bar 11. 


It is believed the seismic wave simulation apparatus 
1 can be used to provide a deterministic approach to 
35 monitoring and predicting: 


( a ) earthquakes , 

(b) large ground displacements of natural and artificial 


WO 98/26311 
CLAIMS 

1. Seismic wave simulation apparatus capable of 
generating a simulated seismic wave in a geological 
5 specimen, said apparatus comprising an elastic energy 
accumulator shaped to deliver a seismic wave of .known 
amplitude and duration to the geological specimen under 
test, the elastic energy accumulator comprising an impactor 
member held, in use, adjacent the geological test specimen 

10 and supported to resist movement in a direction away from 
the specimen when the elastic energy accumulator is 
preloaded in said direction by actuator means, the 
arrangement being such that, in use, the preload force can 
be quelled suddenly, for example, by triggering an 

15 explosive bolt so that the impactor member is released into 
impact or energy transfer with the geological specimen 
thereby transmitting a seismic wave to the geological 
specimen . 
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20 2. Apparatus as claimed in Claim 1 in which the actuator 
means is a hydraulic or pneumatic actuator. 

3* Apparatus as claimed in Claim 1 or Claim 2 having 
tranducers arranged to measure, in use, the mechanical 
25 behaviour across the section of the geological specimen 
through which a seismic wave is being transmitted. 

4. Apparatus as claimed in Claim 3 in which the 
transducers are in the form of bars or elongate members 

30 arranged in a direction parallel to the direction of 
propagation of the seismic wave. 

5. Apparatus as claimed in any one of the preceding 
claims in which seismic sensors are included extending at 

35 an angle or transversely of the direction of propagation of 
the wave . 


Apparatus as claimed in any one of the preceding 
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claims in which the elastic energy accumulator is shaped to 
simulate a seismic wave of known characteristics. 

7. Apparatus as claimed in Claim 6 in which the shape of 
5 the elastic energy accumulator is chosen according to the 
principles expounded in the description from the estimation 
of stress wave values between two long bars with different 
acoustic impedance. 

10 . 8.'-~-V Apparatus as claimed "in" any one of 'the "preceding 
claims in which the elastic energy accumulator includes a 
plurality of cylindrical sections of different diameter. 

9. Apparatus as claimed in Claim 8 having a section 
15 nearest the actuator means which is the smallest diameter 
of the sections. 


20 


30 


10. Apparatus as claimed in Claim 9 including an 
explosive bolt aligned diametrically of said section. 


11. Apparatus as claimed in Claim 9 or Claim 10 in which 
said smallest diameter section may adjoin a large diameter 
section which is connected to two further sections stepped 
down in diameter connected in turn to a smaller diameter 

25 section (which is larger than the first-mentioned smallest 
section ad j acent the actuator means ) . 

12. Apparatus as claimed in Claim 11 in which the smaller 
diameter section is connected to two larger sections which 
are stepped up in diameter, the last of these sections 
being adjacent to the geological specimen in use. 


13. Apparatus as claimed in Claim 12 in which the 
impactor member is guided and held adjacent the geological 
35 specimen, by said last-mentioned section. 


14. Apparatus as claimed in Claim 13 in which a blocking 
system or fixed support is provided at the rear of said 
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last-mentioned section surrounding the penultimate section, 
thereby resisting or preventing movement of the impactor 
member in said direction on the application of the preload 
force • 

15. Apparatus as claimed in any one of Claims 8 to 14 in 
which the elastic energy accumulator includes seven 
sections . 

16, Apparatus as claimed in any one of the preceding 
claims in which the combined length of the elastic energy 
accumulator and the actuator means is in the order of 500 
metres . 


15 17. Apparatus as claimed in any one of the preceding 
claims including a thin metallic or conductive sheet fixed 
to the surface of the geological specimen ( for example by 
cement ) and connected up to measuring instrumentation such 
as a Wheastone bridge, for example, in order to obtain 

20 superficial strain measurement. 


18. Apparatus as claimed in any one of the preceding 
claims in which the measuring instrumentation includes 
accelerometers . 

25 

19. A method of inducing or generating a simulated 
seismic wave in a test specimen, for example, a geological 
specimen, said method including shaping an elastic energy 
accumulator to deliver a seismic wave of known amplitude 

30 and duration to the test specimen, holding one end of the 
elastic energy accumulator adjacent to the specimen and 
preloading the elastic energy accumulator in a direction 
away from the specimen, suddenly quelling the preload 
force, for example by triggering an explosive bolt in the 

35 elastic energy accumulator, thereby releasing the elastic 
energy accumulator into impact or energy transfer with said 
specimen and transmitting a simulated seismic wave 
therethrough, said method comprising collecting data from 
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the specimen and analysing said data collected. 


10 


15 


20 


25 


30 


35 


WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 



PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 


(51) International Patent Classification 6 : 
G01V 1/145, G01M 7/08 


Al 


(11) International Publication Number: 
(43) International Publication Date: 


WO 98/26311 

18 June 1998 (18.06.98) 


(21) International Application Number: PCT/EP97/05417 

(22) International Filing Date: 26 September 1997 (26.09.97) 


(30) Priority Data: 

96309084.0 1 2 December 1 996 ( 1 2. 1 2.96) EP 

(34) Countries for which the regional or 

international application was filed: GB et al. 


(71) Applicant (for all designated States except US): EUROPEAN 

COMMUNITY [-/LU]; Rue Alcide De Gasperi, L-2920 
Luxembourg (LU). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): ALBERTINI, Carlo 
[IT/IT]; Via Dei Pini, 17, 1-21027 Ispra (IT). LABIBES, 
Kamel [FR/IT]; Via S. Isidore, 24, 1-21021 Angora (IT). 

(74) Agent: H.N. & W.S. SKERRETT; Charles House, 148/9 Great 
Charles Street, Birmingham B3 3HT (GB). 


(81) Designated States: CA, JP, NO, US, European patent (AT, BE, 
CH, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, 
PT, SE). 


Published 

With international search report. 


(54) Title: SEISMIC WAVE SIMULATION APPARATUS 



10, 9 2 3 10 


5 4a 



(57) Abstract 

Seismic wave simulation apparatus (1) includes an elastic energy accumulator (4) shaped to induce a simulated seismic wave of 
known form in a geological specimen (2) in which is embedded the foundation (3) of a building. A hydraulic actuator (5) is used to preload 
the accumulator (4) in a direction reverse to arrow A and an explosive bolt (6) is exploded, thereby releasing the energy of the accumulator 
(4) as a seismic wave through the geological specimen (2). The specimen (2) is provided with transducer bars (8) and an electrified metallic 
thin sheet (9) connected to a Wheastone bridge in order to obtain various measurements. 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 


AL 

Albania 

ES 

Spain 

LS 

Lesotho 

SI 

Slovenia 

AM 

Armenia 

FI 

Finland 

LT 

Lithuania 

SK 

Slovakia 

AT 

Austria 

FR 

France 

LU 

Luxembourg 

SN 

Senegal 

AU 

Australia 

GA 

Gabon 

LV 

Latvia 

sz 

Swaziland 

AZ 

Azerbaijan 

GB 

United Kingdom 

MC 

Monaco 

TD 

Chad 

BA 

Bosnia and Herzegovina 

GE 

Georgia 

MD 

Republic of Moldova 

TG 

Togo 

BB 

Barbados 

GH 

Ghana 

MG 

Madagascar 

TJ 

Tajikistan 

BE 

Belgium 

GN 

Guinea 

MK 

The former Yugoslav 

TM 

Turkmenistan 

BF 

Burkina Faso 

GR 

Greece 


Republic of Macedonia 

TR 

Turkey 

BG 

Bulgaria 

HU 

Hungary 

ML 

Mali 

TT 

Trinidad and Tobago 

BJ 

Benin 

IE 

Ireland 

MN 

Mongolia 

UA 

Ukraine 

BR 

Brazil 

IL 

Israel 

MR 

Mauritania 

UG 

Uganda 

BY 

Belarus 

IS 

Iceland 

MW 

Malawi 

US 

United States of America 

CA 

Canada 

IT 

Italy 

MX 

Mexico 

UZ 

Uzbekistan 

CF 

Central African Republic 

JP 

Japan 

NE 

Niger 

VN 

Viet Nam 

CG 

Congo 

KE 

Kenya 

NL 

Netherlands 

YU 

Yugoslavia 

CH 

Switzerland 

KG 

Kyrgyzstan 

NO 

Norway 

ZW 

Zimbabwe 

CI 

Cdte d'lvoire 

KP 

Democratic People's 

NZ 

New Zealand 



CM 

Cameroon 


Republic of Korea 

PL 

Poland 



CN 

China 

KR 

Republic of Korea 

PT 

Portugal 



cu 

Cuba 

KZ 

Kazakstan 

RO 

Romania 



cz 

Czech Republic 

LC 

Saint Lucia 

RU 

Russian Federation 



DE 

Germany 

LI 

Liechtenstein 

SD 

Sudan 



DK 

Denmark 

LK 

Sri Lanka 

SE 

Sweden 



EE 

Estonia 

LR 

Liberia 

SG 

Singapore 




WO 98/26311 


PCT/EP97/05417 


1 

SEISMIC WAVE SIMULATION APPARATUS 

This invention relates to seismic wave simulation 
apparatus more particularly but not exclusively for 
5 simulating earthquake phenomena occurring in soil and in a 
foundation embedded in the soil, which foundation may be 
for example, part of a building. 

Conventionally, simulation of a seismic wave or 
10 earthquake in a structure or building is done by means of a 
pseudo-dynamic test (reaction wall) or by the "shaking" 
table. In order to simulate seismic waves or earthquakes 
occurring in soil, explosives are used which tend to be 
inconvenient since the explosives do not generate waves of 
15 known energy content and shape and duration having 
characteristics of earthquakes. Thus, using such methods 
to simulate seismic waves or earthquakes does not allow 
wave propagation laws and effects to be properly 
established through seismic wave simulation in soil or 
20 other structures. 

It is an object of the present invention to at least 
alleviate the aforementioned, or other, problem associated 
with seismic wave simulation apparatus and method* 

25 

According to the present invention there is provided 
seismic wave simulation apparatus capable of generating a 
simulated seismic wave in a geological specimen, said 
apparatus comprising an elastic energy accumulator shaped 

30 to deliver a seismic wave of known amplitude and duration 
to the geological specimen under test, the elastic energy 
accumulator comprising an impactor member held, in use, 
adjacent the geological test specimen and supported to 
resist movement in a direction away from the specimen when 

35 the elastic energy accumulator is preloaded in said 
direction by actuator means, the arrangement being such 
that, in use, the preload force can be quelled suddenly, 
for example, by triggering an explosive bolt so that the 
impactor member is released into impact or energy transfer 
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with the geological specimen thereby transmitting a seismic 
wave to the geological specimen. 

The actuator means may be any convenient means such 
as a hydraulic or pneumatic actuator. 

Usually, the apparatus will include transducers 
arranged to measure, in use, the mechanical behaviour 
across the section of the geological specimen through which 
a seismic wave is being transmitted. 

Preferably, the transducers are in the form of bars 
or elongate members arranged in a direction parallel to the 
direction of propagation of the seismic wave. Seismic 
sensors may also be included extending at an angle or 
transversely of the direction of propagation of the wave. 

Usually, the elastic energy accumulator is shaped to 
simulate a seismic wave of known characteristics in order 
that wave propagation laws and effects can be properly 
established. Accordingly, the shape of the elastic energy 
accumulator may be chosen according to the principles 
expounded in the description from the estimation of stress 
wave values between two long bars with different acoustic 
impedance. 

In one embodiment of the present invention, the 
elastic energy accumulator includes seven cylindrical 
sections of different diameter. Preferably, one of those 
sections nearest the actuator means has the smallest 
diameter of the sections and, where an explosive bolt is 
provided as aforementioned, to release the impact energy 
said explosive bolt is, preferably, provided in this 
section and preferably is aligned diametrically of said 
section. Said smallest diameter section may adjoin a large 
diameter section which is connected to two further sections 
stepped down in diameter connected in turn to a smaller 
diameter section (which is larger than the first-mentioned 
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smallest: section adjacent: the actuator means). Th±s 
smaller diameter section may be connected to two larger 
sections which are stepped up in diameter, the last of 
these sections being adjacent to the geological specimen in 
use. The length of the elastic energy accumulator 
( comprised of said seven sections ) and the actuator means 
may be in the order of 500 metres. 

The impactor member may be guided and held adjacent 
the geological specimen, preferably by said last -mentioned 
section. A blocking system or fixed support may be 
provided at the rear of said last-mentioned section 
surrounding the penultimate section, thereby resisting or 
preventing movement of the impactor member in said 
direction on the application of the preload force. 

Preferably, in order to obtain measurements regarding 
local displacements of the soil in the geological specimen, 
said apparatus may include a thin metallic or conductive 
sheet fixed to the surface of the geological specimen (for 
example by cement ) and connected up to measuring 
instrumentation such as a Wheastone bridge, for example, in 
order to obtain superficial strain measurement. In 
carrying out the test a building foundation or the like may 
be embedded in the geological specimen in order to 
investigate the interaction between the soil and foundation 
on the application of a simulated seismic wave. 

The measuring instrumentation may include 
accelerometers . 

Further according to the present invention there is 
provided a method of inducing or generating a simulated 
seismic wave in a test specimen, for example, a geological 
specimen, said method including shaping an elastic energy 
accumulator to deliver a seismic wave of known amplitude 
and duration to the test specimen, holding one end of the 
elastic energy accumulator adjacent to the specimen and 
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preloading the elastic energy accumulator in a direction 
away from the specimen, suddenly quelling the preload 
force, for example by triggering an explosive bolt in the 
elastic energy accumulator, thereby releasing the elastic 
5 energy accumulator into impact or energy transfer with said 
specimen and transmitting a simulated seismic wave 
therethrough, said method comprising collecting data from 
the specimen and analysing said data collected. 

10 Further advantageous apparatus and method features of 

the present invention will be evident from the following 
description and drawings. 

An embodiment of seismic wave simulation apparatus 
15 for generating a seismic wave in a geological specimen will 
now be described, by way of example only, with reference to 
the accompanying simplified diagrammatic drawings in which: 

FIGURE 1 shows the seismic wave simulation apparatus 
20 adjacent a geological specimen having the foundation of a 
building embedded therein; 

FIGURE 2 shows a simple cylindrical bar pre-loaded to 
yield a virtually rectangular stress wave, and 

25 

FIGURE 3 shows cylindrical bars of two different 
sections arranged to yield a different stress wave pattern. 

FIGURE 1 of the drawings shows schematically seismic 
30 wave simulation apparatus 1 positioned to the left of a 
geological specimen 2 in which is embedded the foundation 3 
of a building (not shown). The seismic wave simulation 
apparatus has an elastic energy accumulator 4 comprising an 
impactor member which can be preloaded in tension in a 
35 direction away from the geological specimen 2 (i.e. in a 
direction reverse to arrow A) by means of a hydraulic 
actuator 5. The apparatus 1 includes a blocking or support 
system which effectively fixes the right hand end of the 
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elastic energy accumulator 4 whilst said accumulator is 
preloaded in tension. 

The elastic energy accumulator is specially shaped to 
simulate a seismic wave of known characteristics, such as 
the wave shown in the top left hand corner of FIGURE 1 in 
order that wave propagation laws and effects throughout the 
geological specimen 2 and foundation 3 can be properly 
established. 


It is to be noted that the energy accumulator in the 
present instance includes seven sections 4a to 4g of 
varying diameter and the geometry of this energy 
accumulator may be modified in order to obtain different 
15 wave shapes of known characteristics. 


FIGURE 1 shows only one such configuration where 
reflections can provide many wave shapes of different 
amplitude in tension and in compression. Section 4a of the 
20 energy accumulator 4 has the narrowest diameter and an 
explosive bolt 6 extends diametrically of the section. 


It is to be understood that once the energy 
accumulator has been preloaded by the hydraulic actuator 

25 this energy can be released and transmitted as a seismic 
wave through the geological specimen 2 when the bolt 6 is 
exploded. In order to create wave propagation the energy 
stored in the energy accumulator 4 should be released 
suddenly. The explosive bolt 6 is the weak part of the 

30 energy accumulator and when this part is broken the energy 
is released. Usually, explosive will be inserted inside 
the bolt which allows said bolt to rupture in a very brief 
time in order to obtain a stress wave with a short rise 
time. 

35 

The right hand end section 4g of the energy 
accumulator has a rear face 4g' which engages the front 
face 7 ' of the blocking or support system 7 when the 
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hydraulic actuator 5 places the energy accumulator 4 under 
preload conditions, in a manner which should be evident 
from the drawings. 

5 The manner in which the geometry o f the energy 

accumulator 4 may be modified in order to obtain particular 
wave shapes is explained below. The duration of the wave 
is a function of the length of the energy accumulator and 
the amplitude can be determined by modifying the acoustic 
10 impedance along the energy accumulator 4, 

Estimation of the stress wave values between two long bars 
with different acoustic impedance. 

15 It can be shown that the amplitude of the stress o in the 
case of stress wave propagation is a linear function of the 
particle velocity V: 

o = yo.C.V. (1) 
20 p is the density of the medium (bar) 

C is the wave velocity. 

This equation can be used to estimate the wave transmission 
and reflection through the interfaces of two bars in 
25 contact with a different acoustical impedance. In this 
case two conditions should be satisfied: 

The loads at the interface between the two bars are equal 
at each instant: 

30 

A(a ± + a r ) - A. a x (2) 

A is the cross sectional area of the bar at the interface- 

The particle velocities at the interface between the two 
35 bars are equal at each instant: 


v i - v r * V t 


(3) 
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• By using equation (l) in equation (2) we obtain that: 

A l <Pl c l v i> +A l<Pl<=l v r ) - A 2 (p 2 C 2 V t ) (4) 
5 with equation 3 we obtain that: 

A 2rp2 c 2 ~ A lPl c l 
V r - V X (5 ) 


a 2xP2 c 2 + A 1/ 3 1 C 1 
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and 


2A 1 p 1 C 2 

» V L (6) 

15 A 2rP2 c 2 +A lPl c l 

By writing these equations for stresses we have: 

A 2n°2 c 2 ~ A lPl c l 

20 0 2 " °i 

A 2rP2 c 2 +A lPlCi (7) 

2A 1 p 2 C 2 

^" CT 1 (8) 

25 A 2rP2 c 2 +A lPl c l 


If a bar is preloaded with an acoustic impedance /OiA 1 C 1 the 
stress wave generated is nearly rectangular (FIGURE 2). 
30 Tnis application could be the starting point to understand 
the basic behaviour of wave propagation in the soil and 
will permit the validation of the calcul codes used to 
describe the earthquake phenomena. 

35 Two cylindrical bars with -two different sections (as shown 
in FIGURE 3 ) and a longitudinal stress wave which 
propagates from one end of the left bar can now be 
considered. If the acoustic impedance plC 1 A 1 >/o 2 A 2 C 2 then 
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we obtain a wave which decreases in function of time. 

The * amplitude and the shape of the wave generated can be 
found knowing the impedance and also the length of the bars 
to obtain the transit time. Using the above formula in a 
numerical programme it is possible to know the shape of the 
wave which could be generated in function of the geometry 
of the energy accumulator. 

The geological specimen 2 may be a soil rocks 
specimen and, in order to measure the mechanical behaviour 
across the section of the geological specimen, transducer 
bars 8 are provided in the specimen as shown in FIGURE 1. 
The transducer bars 8 are instrumented with strain gauges 
and measurements taken in a generally known manner. 
Additionally, in order to obtain measurements regarding 
local displacements of the soil in the geological specimen 
2 an electrified metallic thin sheet 9 is fixed firmly to 
the surface of the soil by a cement and connected up to a 
measuring instrumentation such as a Wheastone bridge, in 
the case of resistance strain gauges, in order to obtain 
superficial strain measurement. 

Thus, in the present instance, a simulated seismic 
wave can be transmitted through the geological specimen 2 
and through a building foundation 3, so interaction between 
the soil and the foundation can be studied and evaluated. 

Any other measuring instrumentation may be provided 
such as the accelerometers 10 and embedded seismic sensor 
bar 11. 

It is believed the seismic wave simulation apparatus 
1 can be used to provide a deterministic approach to 
monitoring and predicting: 

( a ) earthquakes , 

(b) large ground displacements of natural and artificial 
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origin; 

(c) explosion effects of mining work and large civil 
engineering works, 

(d) volcanic activity, 

(e) the dynamic interaction between soil and structures. 

This approach is based on the stress wave release and 
wave propagation measurements from or in fracturing rock 
specimens . 


Furthermore, the seismic wave simulation wave 
apparatus allows different kinds of soils to be submitted 
to earthquake-like effects at large-scale, the interaction 
between soil and foundations to be studied. The apparatus 

15 should allow precise measures of attenuation laws for 
acceleration, magnitude as a function of distance etc, 
since initial energy into the soil is well known and the 
measurement is performed without modification of the wave. 
Propagation laws and explosive waves for the optimisation 

20 of mining and large excavation works could be tested and a 
large displacement could be reached ( up to 5 metres) for an 
ELEA of 500 meters. 

Advantageously, embodiments of the present invention 
25 may provide: 

(1) A precision seismic load testing device of large 
geological specimens of homogeneous or composite 
nature reproducing a signif icantive sample of the 

30 earth crust in which propagation parameters (load, 

displacement, speed, accelerations) of 

seismic/explosive waves can be locally and globally 
measured. 

(2) Accumulation of a large amount of potential energy 
35 released as a real seismic/explosive wave of well 

known shape, amplitude and duration by proper sizing 
of length and cross section of the ELEA allowing very 
large displacements without enormous complication of 
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inertial effects that would characterise, for 
example, a hydraulic machine, 

( 3 ) Bar transducers having a tuned mechanical impedance 
with the soil/rock specimen in order to capture 

5 without modification the seismic/explosive wave 

arising in the points of application, 

(4) Bar transducers utilised as geotechnical transducers 
having the unique characteristic of the local 
contemporaneous direct measurement of load, 

10 displacement, speed and accelerations provoked by the 

seismic/explosive wave propagation because of their 
elasticity and length. 

It is to be understood that the scope of the present 
15 invention is not to be unduly limited by a particular 
choice of terminology and that a specific term may be 
replaced by any equivalent or generic term. Further it is 
to be understood that individual features, method or 
functions relating to the seismic wave simulation wave 
apparatus might be individually patentably inventive. The 
singular may include the plural and vice versa. 
Additionally, any range mentioned herein for any variable 
or parameter shall be taken to include a disclosure of any 
derivable subrange within that range or any particular 
value of the variable or parameter range within, or at an 
end of, the range or subrange. 


20 
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1. Seismic wave simulation apparatus capable of 
generating a simulated seismic wave in a geological 
5 specimen, said apparatus comprising an elastic energy 
accumulator shaped to deliver a seismic wave of known 
amplitude and duration to the geological specimen under 
test, the elastic energy accumulator comprising an impactor 
member held, in use, adjacent the geological test specimen 

10 and supported to resist movement in a direction away from 
the specimen when the elastic energy accumulator is 
preloaded in said direction by actuator means, the 
arrangement being such that, in use, the preload force can 
be quelled suddenly, for example, by triggering an 

15 explosive bolt so that the impactor member is released into 
impact or energy transfer with the geological specimen 
thereby transmitting a seismic wave to the geological 
specimen . 

20 2. Apparatus as claimed in Claim 1 in which the actuator 
means is a hydraulic or pneumatic actuator. 

3. Apparatus as claimed in Claim 1 or Claim 2 having 
tranducers arranged to measure, in use, the mechanical 

25 behaviour across the section of the geological specimen 
through which a seismic wave is being transmitted. 

4. Apparatus as claimed in Claim 3 in which the 
transducers are in the form of bars or elongate members 

30 arranged in a direction parallel to the direction of 
propagation of the seismic wave. 

5. Apparatus as claimed in any one of the preceding 
claims in which seismic sensors are included extending at 

35 an angle or transversely of the direction of propagation of 
the wave. 

6. Apparatus as claimed in any one of the preceding 
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claims in which the elastic energy accumulator is shaped to 
simulate a seismic wave of known characteristics. 

7 . Apparatus as claimed in Claim 6 in which the shape of 
5 the elastic energy accumulator is chosen according to the 
principles expounded in the description from the estimation 
of stress wave values between two long bars with different 
acoustic impedance . 

10 8. Apparatus as claimed in any one of the preceding 
claims in which the elastic energy accumulator includes a 
plurality of cylindrical sections of different diameter. 

9 . Apparatus as claimed in Claim 8 having a section 
15 nearest the actuator means which is the smallest diameter 

of the sections . 

10. Apparatus as claimed in Claim 9 including an 
explosive bolt aligned diametrically of said section. 

20 

11. Apparatus as claimed in Claim 9 or Claim 10 in which 
said smallest diameter section may adjoin a large diameter 
section which is connected to two further sections stepped 
down in diameter connected in turn to a smaller diameter 

25 section (which is larger than the first-mentioned smallest 
section adjacent the actuator means). 

12. Apparatus as claimed in Claim 11 in which the smaller 
diameter section is connected to two larger sections which 

30 are stepped up in diameter, the last of these sections 
being adjacent to the geological specimen in use. 

13. Apparatus as claimed in Claim 12 in which the 
impactor member is guided and held adjacent the geological 

35 specimen, by said last -mentioned section. 


14. Apparatus as claimed in Claim 13 in which a blocking 
system or fixed support is provided at the rear of said 
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last-mentioned section surrounding the penultimate section, 
thereby resisting or preventing movement of the impactor 
member in said direction on the application of the preload 
force . 

5 

15. Apparatus as claimed in any one of Claims 8 to 14 in 
which the elastic energy accumulator includes seven 
sections . 

10 16. Apparatus as claimed in any one of the preceding 
claims in which the combined length of the elastic energy 
accumulator and the actuator means is in the order of 500 
metres . 

15 17. Apparatus as claimed in any one of the preceding 
claims including a thin metallic or conductive sheet fixed 
to the surface of the geological specimen ( for example by 
cement ) and connected up to measuring instrumentation such 
as a Wheastone bridge, for example, in order to obtain 

20 superficial strain measurement. 

18. Apparatus as claimed in any one of the preceding 
claims in which the measuring instrumentation includes 
accelerometers . 

25 

19. A method of inducing or generating a simulated 
seismic wave in a test specimen, for example, a geological 
specimen, said method including shaping an elastic energy 
accumulator to deliver a seismic wave of known amplitude 

30 and duration to the test specimen, holding one end of the 
elastic energy accumulator adjacent to the specimen and 
preloading the elastic energy accumulator in a direction 
away from the specimen, suddenly quelling the preload 
force, for example by triggering an explosive bolt in the 

35 elastic energy accumulator, thereby releasing the elastic 
energy accumulator into impact or energy transfer with said 
specimen and transmitting a simulated seismic wave 
therethrough, said method comprising collecting data from 
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the specimen and analysing said data collected. 
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